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DEMAND ESTIMATION, AND DATA



A-1

A.1 PRODUCT/MARKET CROSS-REFERENCE METHOD 

Data on coating prices, quantities, average VOC contents,

and VOC content limits are necessary to estimate the effect of

VOC content limits on architectural coatings products.  Price

and quantity data were taken from the 1991 Current Industrial

Reports:  Paint and Allied Products.1  The Architectural and

Industrial Maintenance Surface Coatings Survey (the survey)2 

provided the sales-weighted average VOC emissions, which

represent VOC content.  VOC content limits were from the TOS

developed by EPA.

Census data are organized according to product codes,

which define product categories; however, these Census product

categories differ from the product categories in the survey. 

Furthermore, the TOS (see Table 2-1) gives VOC content limits

for product categories that differ slightly from those

categories for which data are provided in the survey.  Data

from all three sources are necessary to conduct the economic

impact analysis.  Therefore, a fourth product categorization

was constructed, which is called market segments, that

aggregates the categories so that data may be used from all

three sources to provide the necessary level of resolution for

market analysis.  Table A-1 illustrates the individual product

categories represented by each data source and how they map

into the market segments used in the analysis.3,4

The mapping in Table A-1 proceeds from the most

aggregated category to the least aggregated category.  In some

cases, however, the survey provides more detail than the TOS. 
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Where possible, the market segments were paired as solvent

borne and waterborne coating categories.  Separate market

segments could not be created for flat and nonflat coatings in

the interior and exterior segments because the Census data do

not differentiate between exterior flats and nonflats.  

The necessary data were developed for each of the

13 market segments using the mapping scheme presented in

Table A-1.  Data for individual Census product codes were

summed where necessary to compute prices and quantities.  

A.2 ESTIMATING DEMAND ELASTICITIES FOR COATINGS 

To perform the market analysis, own- and cross-price

elasticities of demand were estimated for four broad coating

categories:  exterior solventborne and interior solventborne

and their two respective substitutes, exterior waterborne and

interior waterborne.  The variables used in estimation are

domestic consumption quantity; real value of domestic

consumption; real consumption price; national income; a

housing variable; and the real price of alkyd resins, acrylic

resins, and titanium dioxide.  Complete data for these

variables were collected for the years 1981 through 1991. 

Justification of these variables and their data sources is

given below.

A.2.1 Estimation Procedure and Results 

Econometric estimation of the interrelated demand system

for interior solventborne, interior waterborne, exterior

solventborne, and exterior waterborne architectural coatings

generated estimates of own-price demand elasticities for each

of the four groups and cross-price demand elasticities between

the solventborne and waterborne segments of each interior

(exterior) pair.
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The quantity demanded of a commodity is a function of its

price, the price of any substitutes and other factors, such as

income, that affect aggregate demand.  Estimating the demand

function, however, is more complicated than just running

regressions of observed market quantities on observed market

prices and other demand variables.  One must account for the

fact that the observed prices and quantities are equilibrium

values, which are simultaneously determined by both demand and

supply factors.

Variables that are determined within a system (such as

prices and quantities in a market equilibrium system) are

endogenous to that system, whereas those variables determined

outside of the particular system (e.g., income, housing

activity) are termed exogenous.  In simultaneous equations

models, endogenous variables are correlated with the error

terms through solution of the system.  As a result of the

interdependence of the endogenous variables and the error

terms, the application of standard regression techniques is

modified to estimate the effect of an endogenous right-hand

side variable (i.e., equilibrium price) on the endogenous

left-hand dependent variable (equilibrium quantity).  In

general, ordinary least squares estimation of the individual

demand equations leads to biased and inconsistent parameter

estimates when a regressor is endogenous.

Endogeneity bias is corrected by applying the two-stage

least squares (2SLS) regression procedure for each estimated

equation (see, for example, Pindyck and Rubinfield5).  In the

first stage of the 2SLS method, the price observations were

regressed against all exogenous demand and supply variables in

the system.  This regression produced fitted (predicted)

values for the price variables that are, by definition, highly

correlated with the true endogenous variable (the observed

equilibrium price) and uncorrelated with the error term.  In
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the second stage, these fitted values were employed as

observations of the right-hand side price variables in the

demand equations.  This procedure can also be used to estimate

the underlying structural supply equations; however, because

of the poor performance of various specifications in the

supply estimations, only demand estimates are reported here.  

The 2SLS procedure was used to estimate the four demand

functions.  Both linear and double-log regressions were

estimated.  The double-log specifications are presented here

because of slightly better statistical fit and because the

parameter estimates are directly interpretable as point

elasticities.  

For the two exterior categories, housing completions are

included as an exogenous demand determinant.  Exogenous supply

factors incorporated into the first-stage regressions include

the prices of various raw material inputs and a price index

for substitute outputs, which captures the effect of non-

exterior coatings prices on the supply of exterior coatings. 

For the two interior categories, U.S. domestic GNP is included

as a proxy for the exogenous effect of aggregate income on the

demand for interior coatings.  Exogenous supply factors

incorporated into the first-stage regressions also include the

prices of various raw material inputs and a price index for

substitute outputs, which in this case captures the effect of

noninterior coatings prices on the supply of interior

coatings.  The results of the demand estimations are shown in

Table A-2.

Unfortunately, sufficient data to estimate the demand

parameters for the other market segments were unavailable. 

For the other two solvent/water-paired segments—clear coatings

and primers/undercoaters—the mean of the respective own- and 
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TABLE A–2.  DEMAND CURVE ESTIMATES

Variable
Adjustable

R2 F-Value
Elasticity
Estimate t-statistic

Exterior solventborne
demand

0.94 50.52

Log-housing
completions

0.17 3.30

Log exterior
solventborne price

-1.43 -1.89

Log exterior
waterborne price

0.20 0.36

Exterior waterborne
demand 

0.92 39.36

Log-housing
completions

-0.05 -0.62

Log exterior
solventborne price

0.51 0.42

Log exterior
waterborne price

-1.89 -2.17

Interior solventborne
demand 

0.69 8.49

Log GNP 1.01 1.67

Log interior
solventborne price

-1.50 -1.74

Log interior
waterborne price

1.43 1.28

Interior waterborne
demand 

0.99 588.90

Log GNP 1.00 5.07

Log interior
solventborne price

0.36 1.28

Log interior
waterborne price

-1.39 -3.80
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cross-price elasticities from the interior and exterior

estimation process were used as proxies for the elasticities. 

The other five segments—special purpose, industrial

maintenance group, traffic marking paints, lacquers, and wood

preservatives—are specialty groups whose demand is assumed to

be fairly inelastic and not dependent on prices in the other

segments.   Therefore, a value of -0.5 for the own-price

demand elasticity and zero for all cross-price elasticities

were assigned to each of these categories.  Table A-3 provides

the matrix of own- and cross-price elasticities for all

13 market segments.

A.2.2 Data Used in Demand Estimation 

Domestic consumption quantities and values were

calculated using data from U.S. Department of Commerce

publications Current Industrial Reports:  Paint and Allied

Products6,7,8,9,10,11,12,13,14 and U.S. Exports Schedule B Commodity by

Country.15,16,17,18,19,20,21,22  Domestic quantity and value of

shipments figures were used, which include exports.  Exports

were then subtracted to estimate domestic consumption

(architectural coatings imports are negligible and are not

included in the consumption variable).  Consumer price indexes

from the U.S. Department of Labor’s Handbook of Labor

Statistics23 and the U.S. Department of Commerce’s Survey of

Current Business24,25,26 are used to adjust the current figures

to real values.  Real consumption price was imputed for each

product by dividing real value of domestic consumption by the

quantity of domestic consumption.
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aAll constant values were converted to 1982-1984 dollars for the
analysis to be consistent with the consumer price index (CPI), which has
1982-1984 as a base.
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The GNP in constant 1987 dollars from 1981 through 1991

was used as an aggregate income measure.a,27,28,29  Housing

completions for 1981 through 1991 were obtained from the U.S.

Department of Commerce’s Current Construction Reports.30 

Prices for alkyd and acrylic resins are obtained from the U.S.

International Trade Commission publication Synthetic Organic

Chemicals, U.S. Production and Sales.31,32,33,34,35,36,37,38,39,40  Prices

for titanium dioxide were imputed using quantity and value of

shipment data for U.S. production from the Current Industrial

Reports, Inorganic Chemicals.41  Real prices for these raw

materials were calculated by deflating normal values using

CPIs.  Alkyd and acrylic resins were used to represent raw

materials for the nonvolatile vehicle portion of the coatings,

which are found mainly in solventborne and waterborne

coatings, respectively.  Titanium dioxide was used to

represent a raw material in the pigment portion of the

coating, which is found in both types of coatings.  A

Laspeyres price index was constructed to incorporate the price

of substitute outputs as a supply-side effect in the first

stage regressions of the 2SLS procedure.  Let the price and

quantity of commodity n in period t be  and ,p t
n

q t
n

respectively for n = 1, ..., N and t = 0, 1, ..., T.  Then the

Laspeyres price index of the N commodities for period t

(relative to the base period 0) is defined as 
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Real domestic prices and quantities of nonexterior

coatings were used to construct the price index for the

exterior coatings equations and real domestic prices, and

quantities of noninterior coatings were used to construct the

index for the interior coatings equations.  Each index is

computed for the years 1981 through 1991, with 1981 serving as

the base year.  

A.3  EVALUATION OF DATA QUALITY 

The Current Industrial Report series is generally

considered a reliable source for quantities and values of

products shipped.  Monthly and annual data were estimated from

a sample designed to measure activities of the entire paints

and allied products industries.  Each annual report provides

data for 2 years, and figures from the 1991 report were used

for the coatings analyses.  In addition to the four

representative coatings products, the architectural coatings

Census category includes two other products:  architectural

lacquers and architectural coatings, not elsewhere 

classified.  These categories were not included in the

estimates because of insufficient data.  However, in 1991,

these two product categories combined represented only 1.3

percent of the total value of shipments for the architectural

coatings market.42    Statistics reported in the Current

Industrial Reports at the seven-digit SIC product level are

based on Annual Surveys of Manufactures and represent about 95

percent of total shipments in the paint industry (SIC 2851).43  

 To produce estimates for the entire industry, the Census

Bureau inflates the quantity and value figures reported in the

annual survey by a factor based on data reported by all



bThe inflation factor for 1981 is based on 1977 Census relationships
and for 1982 through 1986 on 1982 Census relationships.

cThe 1991 quantities and values used in the model (values to impute
price) also include products in the special purpose and miscellaneous
allied paint products categories.  The special purpose inflator for 1991 is
1.06, and the miscellaneous inflator in 1991 is 1.18.
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establishments in the 1987 Census of Manufactures.b  The

inflation factors for architectural coating product categories

are as follows:  1987 through 1991, 1.00; 1982 through 1986,

1.004; and for 1981, 1.04.c  Quantity and value figures for

the four product categories used in the demand estimation are

inflated using these factors.  Prior to 1981, data were not

collected at the more specific seven-digit SIC level.  Using

the longer time series would provide more data points but

would also preclude analysis of the individual product

categories, and representativeness would be lost. 

The export data used are the best publicly available;

however, combining export and domestic data to estimate

domestic consumption poses some problems.  The classification

systems used to gather both types of data are different, and

the corresponding product categories used cannot always be

compared.  For example, data from the U.S. Department of

Commerce publication U.S. Imports for Consumption and General

Imports, TSUSA Commodity by Country of Origin were not used

because the imported commodity classifications had no

comparable domestic output classification.  Exclusion of

imports from the estimate of domestic consumption does not

pose a problem because in 1991 the value of imports for

architectural, OEM, and special purpose coatings (SIC 28511,

28512, 28513) combined represented less than 0.9 percent of

the total domestic value of shipments.44  Data from U.S.

Exports Schedule B Commodity by Country were available for

1981 through 1991, and the export categories correspond well
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with the four domestic product categories except for 1989

through 1991.45,46,47,48,49,50,51,52  In 1989, the export codes and

categories changed and are no longer compatible with the

domestic categories.  In addition, quantities are reported in

kilograms rather than gallons, as they were in previous years. 

For these reasons, export data were not used to adjust

domestic consumption after 1988.  The GNP data typically

represent income for the entire nation including income

generated from American businesses located overseas.  The

current price data for the paint products and raw materials

should be considered reliable, though their accuracy may be

affected by the exclusion of imports for the coatings products

and of exports and imports for the raw materials prices.  CPIs

for all urban consumers with a base of 1982 through 1984 were

used in calculating real prices.

The raw material prices used are representative of the

entire U.S. and export market for these products, rather than

just the U.S. supply to the paints and coatings industry.  The

alkyd resins were used in this estimation to represent an

input found only in solventborne coatings and acrylic resins

to represent an input found only in waterborne coatings. 

However, some acrylic resin materials are used in some

solventborne coatings and alkyd resins are used as modifiers

in waterbornes.  Exports and imports were not considered when

computing raw material supply prices because foreign trade

data were not available for alkyd and acrylic resins.  In

1991, exports of titanium dioxide represented 17.9 percent of

the total domestic value shipped and imports were 10.9

percent.53
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